We report the analysis of high-resolution, high-S/N spectra of an extremely metal-poor, extremely C-rich red giant, Seg 1-7, in the Segue 1 system -described in the literature alternatively as an unusually extended globular cluster or an ultra-faint dwarf galaxy. Available data permit us only to identify Seg 1-7 as a member of an ultra-faint dwarf galaxy or as debris from the Sgr dwarf spheroidal galaxy. In either case, this demonstrates that at extremely low abundance, [Fe/H ] < −3.0, star formation and associated chemical evolution proceeded similarly in the progenitors of both the field halo and satellite systems. By extension, this is consistent with other recent suggestions the most metal-poor dwarf spheroidal and ultra-faint dwarf satellites were the building blocks of the Milky Way's outer halo.
INTRODUCTION
Studies of the Milky Way's dwarf spheroidal and ultra-faint satellite galaxies are placing important constraints on the role these systems have played in the formation of its halo populations. Early work on stars in the classical dwarf spheroidal galaxies (dSph), concerning the abundance of the α elements Mg and Ca (relative to Fe) in the range -2.0 < [Fe/H] < -1.0, established that their [α/Fe] values are significantly lower than in the bulk of Galactic halo stars in the solar neighborhood at the same [Fe/H] -suggesting that there is a fundamental difference between the halo and its dwarf galaxies (see e.g. Tolstoy, Hill & Tosi 2009 , and references therein). These lower values of [α/Fe] reflect the extended star-formation histories of the host systems (see Gilmore & Wyse 1991; Unavane, Wyse & Gilmore 1996) . Recently, however, work by Nissen & Schuster (2010) on field halo stars, testing the suggestion of Carollo et al. (2007 Carollo et al. ( , 2010 that the Galaxy's halo comprises inner and outer components having distinct chemical abundance distributions and kinematics, clearly established there are two distinct components in the ([α/Fe], [Fe/H] )-plane at -1.6 < [Fe/H] < -0.8, in the sense that stars in retrograde Galactic orbits (which Carollo et al. identify as characteristic of the outer halo) have lower [α/Fe] than those on prograde orbits (predominantly the inner halo). Another relevant result is that at [Fe/H] ∼ -3.7 in these dwarf galaxies the relative abundances of a large number of elements are quite similar to those found in the majority of Galactic halo red giants (Frebel, Kirby, & Simon 2010a (Sculptor: 8 elements) ; Norris et al. 2010a (Boötes I: 15 elements) ).
Parallel investigations on the relative abundances of carbon ([C/Fe]) below [Fe/H] = -3.0 by Frebel et al. (2010b) and Norris et al. (2008 Norris et al. ( , 2010b demonstrate a large range in [C/Fe] in the ultra-faint dwarf galaxies, with similar [C/Fe] patterns in the ultra-faint systems and in the Galactic halo. The purpose of the present Letter is to investigate further the result of Norris et al. (2010b) , based on intermediate resolution spectroscopy, that in the extreme ultra-faint Segue 1 system (M V, total ∼ -1.5, baryonic mass ∼ 1000M ⊙ ; Belokurov et al. 2007 , Martin et al. 2008 there is an extremely metal-poor giant, Seg 1-7, ([Fe/H] ∼ -3.5) which is also extremely carbon rich ([C/Fe] ∼ +2.3). Further, Seg 1-7 lies almost 4 nominal half-light radii from the center of Segue 1 and its membership has important implications for the structure and nature of the system.
OBSERVATIONS
Seg 1-7 has coordinates α(2000) = 10 h 08 m 14.4 s and δ(2000) = +16
• 05 ′ 01 ′′ . ugriz data are available from Data Release 7 of the Sloan Digital Sky Survey (Abazajian et al. 2009) . Adopting E(B-V) = 0.032 (Geha et al. 2009 ) and following Schlegel, Finkbeiner, & Davis (1998) , we obtain (g-r) 0 = 0.596 ± 0.009 and (r-z) 0 = 0.354 ± 0.012 for Seg 1-7.
High-resolution Spectroscopy
Seg 1-7 was observed in Service Mode at the Very Large Telescope (VLT) Unit Telescope 2 (UT2) with the Ultraviolet-Visual Echelle Spectrograph (UVES) (Dekker et al. 2000) on five nights during the period 2010 January 27 through March 12, during which 11 individual exposures were obtained, each having integration time of 46 min. The instrumental setup was as described in our investigation of Boo−1137, a red giant member of Boötes I (Norris et al. 2010a , hereafter NYGW), and will not be repeated here. Suffice it to say that spectra were obtained over the wavelength ranges 3300-4520Å, 4620-5600Å, and 5680-6650Å. The 11 pipeline-reduced spectra were co-added to produce the final spectra which have S/N per ∼ 0.03Å pixel increasing from 25 to 50 over 3700-4500Å, roughly constant at ∼ 65 over 4620-5600Å, and increasing from 70 to 100 over 5680-6650Å.
The spectra of Seg 1-7 have weak metal lines and absorption dominated by features of the CH molecule, bearing a strong resemblance to the extremely metal-poor, C-rich, CEMPno star 2 CS22957-027, first analyzed at high resolution and high S/N by Norris, Ryan & Beers (1997) . The nature of the spectra is shown in Figure 1 , where in the upper panel Seg 1-7 is compared with CS22957-027 and the "normal" extremely metal-poor red giant Boo−1137, all of which have very similar T eff , log g, and [Fe/H] as shown in the figure. For heuristic purposes, these spectra have been broadened with a Gaussian having FWHM = 1.0Å. The important point of the panel is the enormous CH blanketing present in Seg 1-7 and CS22957-027, and its absence from Boo−1137. As colleague S.G. Ryan wrote upon first observing CS22957-027 at high resolution in this wavelength region: "Actually, it's hard to see anything except CH." The lower panel in Figure 1 presents the original, unbroadened, spectra over the wavelength range 3900-4000Å. We make three comments on these spectra. First, the similarity in the strength of the broad Ca II H & K lines at 3933.6Å and 3968.4Å, suggests the two stars have similar heavy element abundances. Second, most of the other lines are due to CH. Third, several of the features appear double in CS22957-027 but not in Seg 1-7. We shall return to this point in Section 3, but note here that the extra features in CS22957-027 are 13 CH lines and result from the lower 12 C/ 13 C ratio of CS22957-027 compared with that of Seg 1-7.
Line Strength Measurements
Line strengths for atomic species were measured by J.E.N., as described in some detail in NYGW. Results are presented in Table 1 , where columns (1) and (2) give identification, and (3)-(5) contain lower excitation potential, log gf , and equivalent widths. The atomic data are from Cayrel et al. (2004) , except for one line as indicated in the table. There was one essential difference between the present and earlier work: because the blue part of the Seg 1-7 spectrum is heavily contaminated by CH lines we followed our earlier procedure for CS22957-027 (see Norris et al. 1997 ) and used spectrum synthesis techniques to determine when one might expect blending of CH lines with atomic features to contaminate the latter. We did not measure atomic features when such contamination was possibly present.
Radial Velocity
We measured the radial velocity for each of our 11 observations using cross correlation techniques against a model synthetic spectrum as described by NYGW. The resulting heliocentric radial velocity is 204.3 ± 0.1 km s −1 (internal error), while the range in velocities was 203.7-204.6 km s −1 , suggesting that the velocity of Seg 1-7 was essentially constant over the six week period covered by the observations. The external error in the velocity is ∼0.5 km s −1 . According to Simon et al. (2010) the systemic velocity of Segue 1 is 208.5 ± 0.9 km s −1 , with dispersion 3.7
+1.4 −1.1 km s −1 . Our radial velocity data are thus consistent with Seg 1-7 being a member of the system.
ABUNDANCE ANALYSIS
The effective temperature and surface gravity of Seg 1-7, based on ugriz photometry, the synthetic ugriz colors of Castelli 3 , and the Yale-Yonsei (YY) Isochrones (Demarque et al. 2004 ) are T eff = 4960 ± 140 K and log g = 1.9 ± 0.4 (Norris et al. 2010b ). Adopting procedures described in NYGW, we analyzed the equivalent widths in Table 1 4 , together with the (0,0) and (1,1) bands of the A − X electronic transition of the CH molecule in the interval 4250-4330Å, and the (0,0) and (1,1) bands of the A − X electronic transition of the NH molecule in the range 3340-3400Å using a 2009 version of the LTE stellar line analysis program MOOG (Sneden 1973) , modified to include a proper treatment of continuum scattering (Sobeck et al. 2010 in prep.) , together with the 1D, LTE model atmosphere atmospheres of Castelli & Kurucz (2003) to determine abundances for 14 elements, together with limits for a further three. (In our earlier work we established that these techniques produce abundances for atomic species in excellent agreement with those of Cayrel et al. (2004) , when applied to their data set (see NYGW, Section 3.2)). For Seg 1-7, our analysis yielded a microturbulent velocity ξ t = 1.3 km s −1 and the abundances presented in Table 2 5 , where columns (1)- (5) contain species, number of lines measured (or, alternatively, that synthetic spectrum techniques were adopted), log(ǫ(X) (= log(N(X)/N(H)) star + 12.00), its error, and the relative abundance [X/Fe], respectively. The final column in the table contains the total error in relative abundance, determined by quadratic addition of the internal error in column (5) Finally, as noted in Section 2.1, the features of 13 CH are not seen in Seg 1-7, in contrast to their clear presence in CS22957-027, which has 12 C/ 13 C = 10 ± 5 (Norris et al. 1997 ). For Seg 1-7 we estimate a lower limit for 12 C/ 13 C of 50 ± 10 from the CH features at 4019 and 4237Å.
4. DISCUSSION 4.1. Relative Abundances of Seg 1-7 and the Galactic halo C-rich stars Figure 2 presents the difference in relative abundances, ∆[X/Fe], between Seg 1-7, Galactic halo CEMP-no red giants having -4.0 < [Fe/H] < -3.0, and the C-normal Boo−1137, on the one hand, and the "unmixed" Galactic halo red giant branch (RGB) stars of Spite et al. (2005) 6 , on the other, as a function of elemental species. Boo−1137 is included to contrast the abundance patterns of the CEMP-no class with that of a "normal" extremely metal-poor RGB star in the ultra-faint dwarf galaxy Boötes I. One sees very little difference between Boo−1137 and the "unmixed" red giants of the Galactic halo (see NYGW for a more detailed discussion). In the middle panel of the figure, the data for Seg 1-7 have been connected by a continuous line, which has been copied to the other panels to facilitate comparison between Seg 1-7 and the other objects. The top four panels show that CEMPno stars comprise a somewhat heterogeneous group. First, [C/N] varies considerably among the Galactic halo objects in the figure, from -1.4 in CS22949-037 to +0.2 in CS22957-027, accompanied by a range in 12 C/ 13 C from 4 to 10, respectively, both of which suggest that the CN(O) cycle(s) have been more vigorous in the former than in the latter. We note that Seg 1-7 has [C/N] = +1.5 and 12 C/ 13 C > 50, presumably having experienced less extreme CN(O) processing. Second, while enhancement of Na, Mg, Al is frequently present in the CEMP-no class (as first demonstrated for Mg and Al by Aoki et al. (2002) ) and seen here in Seg 1-7, no enhancement of [Mg/Fe] is evident in CS22957-027.
These differences notwithstanding, the relative abundances of Seg 1-7, taken as a whole, are consistent with its classification as a CEMP-no star. What is the origin of this peculiar class of objects? While binarity has provided a most likely explanation for the CEMP-s subclass (enhanced s-process neutron-capture elements; see e.g. Lucatello et al. 2005) , no such case has yet been generally demonstrated for CEMP-no objects, and to the authors' knowledge only CS22957-027 among the CEMP-no class exhibits direct evidence for duplicity (Preston & Sneden 2001) . A stronger argument against binarity is that it offers no insight into the enhancements of Na, Mg, and Al seen in a large fraction of the class. A considerably more successful, but somewhat ad hoc, explanation of the CEMP-no phenomenon is the "mixing-and-fallback" model of Nomoto and co-workers (see Nomoto et al. 2008 , and references therein) which postulates low energy supernova explosions at the earliest times, with preferential expulsion of outer layers accompanied by fallback of inner ones, resulting in the light elements C-Mg being relatively more enhanced than the heavier ones. Norris et al. 2010b ) remain obscure. Segue 1 provides the first opportunity to quantify the evolution of element ratios in a single system over the metallicity range from extremely metal-poor with extreme carbon enhancement, through extremely metal-poor with no carbon enhancement, to metal-poor.
Membership of Segue 1
The Segue 1 system was discovered by Belokurov et al. (2007) , who identified it as "an unusually extended globular cluster", possibly associated with the Sagittarius dSph. Here we center our attention on whether Seg 1-7 is a member of the Segue 1 system. First, we recall from Section 2.3 that its heliocentric radial velocity of 204.3 ± 0.5 km s −1 is clearly consistent with membership. Second, it lies 16.9
′ from the center of the system, corresponding to 3.8 half-light radii (r h = 4.4 ′ , Martin et al. 2008) . If one adopts the surface brightness distribution of Martin et al., the probability of membership of Seg 1-7 is ∼0.03 times that of an object lying at half-light radius -a moderately small likelihood. Third, we recall that in the range -4.0 < [Fe/H] < -3.0 CEMP-no red giants are extremely rare in the Milky Way halo. For example, in the Beers, Preston, & Shectman (1992) survey for metalpoor stars there are some 14 red giants in this abundance range with V 14.5 and B − V > 0.60, only two of which (CS22949-037 and CS22957-027) are known to be CEMP-no stars 7 , over an area of 2300 deg 2 .
Fraction of CEMP stars as a Function of [Fe/H]
It is well known that the fraction of CEMP stars in the Galactic halo increases as [Fe/H] decreases, as summarized, for example, by Norris et al. (2007, their 
Conclusion
What may one conclude? First, Seg 1-7 has a radial velocity consistent with membership of the kinematic system defined by Simon et al. (2010) , which, taken together with the extreme rarity of CEMP-no red giants, suggests it is not a member of the Galactic halo field. Seg 1-7 is thus associated with either the central concentration of Segue 1, or with the more widely spread debris of Sgr advocated by Niederste-Ostholt et al. (2009) to be a contaminant of the system. Possibly inconsistent with membership of the central concentration is the somewhat low probability that it is associated with the Segue 1 spatial distribution defined by Martin et al. (2008) . An interpretation one might consider is that the Martin et al. radial brightness profile is not an adequate description of the baryonic mass distribution within the Segue 1 system, which is instead better described by the Niederste-Ostholt et al. (2009) photometric map, with significant east-west extension. That said, we consider it safe to conclude that Seg 1-7 originated in a dwarf galaxy system -either Segue 1 or Sgr -that contained extremely metal-poor material ([Fe/H] < -3.0).
Seg 1-7 is the first extremely metal-poor, extremely C-rich star to be associated with a dwarf galaxy satellite of the Milky Way, as opposed to the general field of its halo. Thus not only are there extremely metal-poor, "C-normal" stars in the Galaxy's dwarf satellites with abundance signatures similar to those of the Galaxy's halo, but also objects with extreme carbon enhancements, [C/Fe] = +2.3, similar to those found in the halo. Such C-rich stars are extremely rare, and membership (or past membership) of Seg 1-7 in a dwarf galaxy now located within the outer Milky Way shows that at extremely low abundance, [Fe/H ] < -3.0, chemical evolution proceeded similarly in both the progenitors of the field halo and dwarf satellite systems, consistent with the view that the latter played a role in the formation of the Milky Way's outer halo. (Norris et al. 2010a ) and for CS22957-027 with AAT/UCLES (Norris et al. 1997) . All data have been smoothed with a Gaussian having FWHM = 1.0Å. Also shown in this panel are T eff /log g/[Fe/H]/[C/Fe] (from the cited and present works). In the lower panel the original unbroadened data are presented for Seg 1-7 and CS22957-027 over a smaller wavelength range. Fig. 2. -Relative abundances differences, ∆[X/Fe], between C-rich stars (together with the C-normal Boo−1137) and the "unmixed" Galactic halo red giants of Spite et al. (2005) as a function of species. In the middle panel, the data for Seg 1-7 have been connected by a continuous line, which has been copied to the other panels to facilitate comparison between it and the other objects. Additional data sources are Aoki et al. (2004, CS29498-043) , Depagne et al. (2002) and Cayrel et al. (2004) (for CS22949-037), Norris et al. (1997, CS22957-027) , and Norris et al. (2010a , Boo−1137 .
